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... and small: 

Not just  pairwise interactions, b;ut 3rd nucleon 
alters the poteritial between thl 



Three-Nuc leon Systems 

(mostly amazing! agreement with existing 
brat there are discrepancies 1 ) 

- 4  d v =Zyw(E)+ ?I ~ ~ ~ ~ ~ ~ ( ~ ~ ? ~ ~ ~ ? ~ ~ ) ~ . . -  

i ; b 
'>J P 

possible improvement: 

by definition, discrepancies are due t o  three-body force V,, 
, j  

3NF 5 V3(rij,rik-rjk:) constructed f rotn 

0 Zn, Zp, zp exch. (Tucson-Melbourne 3NF, TM') 
Ll + virtual A excitation 
63 + phenomenol. short-range part (Argonne 3NF) 
L! construrcts based on xPT (van Kdk, Friur...) 

F models are adjust 



Early measurements of analyzing powe!rs, e.g. 

PRESENT DATA-; n-8 st 7sw (Taylor e$ al., iP,C 1 (70) 808 ) 
CLEGG ond HAEBERU; p-d o t e & W  
GRUEBLER el at. p-d at S.OMrV 0.16 
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pd experimentally easier than nd, but Coulomb (important 
ut low energies) not calculable 

experimental goa re pd and nd 



3NF effects scale with shift in binding energy EB 

nd scattering free of Coulomb 
decrease with energy 

+thought t o  be ideal t o  study 3N system 

rigorous Faddeev calculations become available in lute 
80's (L.b Faddeev, ,JETP(Sov. Phys.) 12 (1962) 2014- 



, 

t 1 1 High eners 

(below production f-hreshofd) 

3NF effects dominated by the A, increase with energy 

Coulomb effects decrease with energy 
r-7 

pd scattering instead o f  nd 
~ 

Relativistic effects increase with energy 

Fadeev catculdkns now converge (j55) 



K. Errnisch et d. 
PRL 86 (2081) 5862 

- CD-Bonn + TM 

1-1 A2 model Hanwver 
(Paris po-kn-tioll+ 
intermediate A) 
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None o f  the presently available 3NF describe the angular dependence o f  AyP 
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.. 

D(p,p)D elastic scattering 

1135 MeV, 200 MeV 

E ar  Y pure vector, nsor V 

D(p,pp)n breakup reaction 
-+ 

beam: d , 270 MeV, vector, 
ten slor, u n po I a ri zed 

c 



Indiana Cooler (1988 - 2002): 
Polarized B'eam & Polarized Target 

Cooler In jec tor  
Synchrotron 

a s  

RF 
solenoid 
for spin 
reversal 

Polarized atomic 
beam source 

CIPIOS 9 
Pulsed, polarized, 
negative ion sutsrix 

beam 

=b 
d 

Precession 
solenoids 
f o r  
non-verti 
polarirat 
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Tzd/sqrt(Z) A,, 
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Brea k-up observables 

p l h T m n  ... ............................... 

I h 1 Evaluate observables u\ 1 for specified regions of phase space n 

1 Comparison to Faddeev calculations 1 
1 needs strong theoretical support 

. 
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axial observables 
Knutson (PRL 73, 3062 (1994)): 
- “Axial” observables are sensitive to 

spin operators that  occur in 
3N potentials but not in 2N potentials 

example: longitudinal analyzing power A, 

A, has been measured a t  9 MeV (E.A. George et al., PR c54, 1523 (1996) 
Experiment: Faddeev calculation 
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A, predicted to be ~ 0 . 1  a t  Td = 270 MeV 



Reaction mechanism 

-I I Polarized I v 

j ABS t 
_. 

e t  - 



F Q 

* advanced experimental techniques have resulted in 
precise data 

e none o f  The existing calculations ( NN or  NN + 
3NF) describe the data 


